Abstract: This study developed flat shell elements with drilling degree of freedom using an object oriented approach and the Java programming language. A review of the work of Kansara (2004) Keywords: Finite element model, Java programming language, Drilling degree of freedom, bilinear degenerated shell element. 
Introduction
developed the quadrilateral shell element QUAD4, by considering two inplane displacements that represent membrane properties and one out-of-plane displacement and two rotations, which represents the bending properties. McNeal (1978) included modifications in terms of a reduced order integration scheme for shear terms. He also included curvature and transverse shear flexibility to deal with the deficiency in the bending strain energy. The simplest method adopted to remove the rotational singularity is to add a fictitious rotational stiffness. However, Yang et al. (2000) suggested that, although the method solves the problem of singularity it creates a convergence problem that sometimes leads to poor results. Recent developments include using membrane elements with rotational degrees of freedom to develop an efficient flat shell element (Kansara, 2004) . Several methods have been suggested by various authors for removing the singularity in the stiffness matrix based on variational principles such as those formulated by Gruttmann et al (1992) . A degenerated shell element with drilling degrees of freedom was developed recently by Djermane et al. (2006) for application in linear and nonlinear analysis of thin shell structures for isotropic or anisotropic materials with using the assumed natural strains technique to alleviate locking phenomenon. Djermane et al. (2007) also extended the formulation by using the same techniques to study the dynamic responses of thick and thin nonlinear shells. Kanok-Kanukulchai (1979) devised utilization of the penalty approach to remove the rotational singularity caused by the addition of a fictitious rotational stiffness. He introduced a constraint equation which "links" the drilling rotations in the fiber coordinate system to the in-plane twisting mode of the mid-surface.
Adam et al (2013) developed a bilinear degenerated four nodes shell elements with drilling degrees of freedom. They examined the element performance with respect to sensitivity to the value of penalty parameter and to evaluate the suitable value. Forte et al (1990) in one of the first publications on the object oriented approach to the finite element development, presented essential finite element classes such as elements, nodes, displacement and force boundary conditions, vectors and matrices. Several authors described detailed finite element architecture using the object oriented approach. Nikiskov (2010) developed procedures for programming finite element in Java. He was able to demonstrate on how to solve finite element problems for solid mechanics as well as Heat transfer problems. Kansara (2004) developed membrane, plate and flat shell element in Java Programming language. He created a finite element analysis program using Java Programming Language to check the accuracy of the developed elements. Kansara (2004) while testing the output of his Java code with a commercial program SAP 2000 noted that for the test examples of a cantilever I-beam and a folded plate structure, the stresses from the program differed considerably from those obtained from SAP 2000. This was due to the fact that his Java program lacked the ability to solve flat shell problems with rotational degrees of freedom (also known as "drilling degree of freedom"). He advocated for a future Licensed Under Creative Commons Attribution CC BY research work that can handle most of the deficiencies inherent in his work. These were the inability to developing flat shell elements in which the membrane elements have rotational (drilling) degrees of freedom, the use of a band storage scheme for storing the structure stiffness matrix and band solvers in the program to solve large finite element analysis problems, absence of a graphical user interface in the program and, extending the application of the program to include other elements such as truss, and frame elements.
This work improved on the work of Kansara (2004) using the procedures prescribed by Nikishkov (2010) . Flat shell elements developed are the bilinear degenerated four nodes shell element with drilling degree of Freedom . A finite element analysis program was also developed with Java programming language to check the accuracy of the developed elements. Several test structures will be analyzed using the Java program and the results compared with those from other standard test validation examples. The mid-surface shown in Figure 2 .1 is defined by natural coordinates (r, s, t). The displacements u, v and w are the displacements in global Cartesian coordinates x, y and z respectively. , , are rotations about the x, y and z respectively. The rotations , are about local coordinates x', y', and z' respectively. The shape functions to describe the mid-surface in terms of natural coordinates are:
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Bilinear Degenerated Four Nodes Shell Element
The thickness at each node ℎ is computed in the direction normal to the mid-surface. V 3i is called node director and defined by:
The coordinates of any point in the element can be derived from the 8-nodes solid element to 4-nodes element as:
1 + is the part of shape function in 8-nodes solid element in direction of the thickness , and are the global coordinates of the midpoint i The displacement variation in the element can be expressed as:
Where , are the displacements at mid point i along global direction, and * , * * are the relative nodal displacements along global direction produced by rotation of the normal at node i and can be expressed in terms of rotations , , at each node i about global axes. The stress-strain relation can be stated after imposing ′ = 0 as:
where = 5/6 is a factor that accounts for the thicknessdirection variation of transverse shear strain, E' is the modulus of elasticity and is Poisson's ratio. The constitutive matrix in Equation (2.6) is split into C m and C s as follows:
In a degenerated shell, the rotation of the normal and the mid-surface displacement field are independent. The idea then is to derive an additional constraint between the torsional rotation of the normal, , and the rotation of the mid-surface,
The derivation of the torsional rotation of the normal from that of the mid-surface is assumed to have governing strain energy (Djermane, 2007) and (Kanok-Nukulchai ,1979) as: α t is a penalty parameter and must be determined to insure good convergence ).
Materials and Method
Creation of Robot Finite Element Analysis Program (Rfea)
The 
Implementation of Bilinear Degenerated Four Nodes Elements with Drilling Degree of Freedom
Class ElementShell4
Class ElementShell4 is created to extend class Element and to implement methods for computing element matrices and vectors.
Figure 3.1: ElementShell4 with its attributes and operations
Constructor ElementShell4()calls the constructor of parent class Element and passes to it the element name shell4, the number of element nodes (4) and the number of points for storing stresses and strains. Method stiffnessMatrixBshell4() performs the computation of the element stiffness matrix according to Equation (2.110)
Other important methods and their description are given in table 3.5 
Class ShapeShell4
Class ShapeShell4 is created to calculate the shape functions for 4 node quadratic shell elements with drilling degrees of freedom. Element nodes are numbered in an anticlockwise direction starting from any corner node. Table  4 .2. The displacements are compared at nodes 63 and node 9, which are the nodes opposite to the nodes where the loads are applied. When a torque is applied to a cantilever I -beam it was expected that the displacements in y and z should be in the opposite directions and of same value. The tabulated results agree with the expected results thus verifying the 
Conclusion
This research presented the development of bilinear degenerated shell element with drilling degree of freedom using the object oriented programming concept in Java as an alternative to the traditional procedural programming approach. A finite element analysis program was developed to verify the accuracy of the results.
Some test example problems were analyzed using the developed program. The results from these analyses were compared with those obtained from Kansara (2004) , the commercial finite element analysis program SAP 2000 and LISA respectively in order to verify the accuracy of the developed program. The results obtained from the analysis of the example problems were found to be very accurate when compared to those obtained from SAP 2000
